INTRODUCTION
S-Adenosyl--methionine decarboxylase (AdoMetDC) is a key enzyme in the biosynthesis of the polyamines spermidine and spermine. Polyamines are small polycations found in all cells and are essential for basic cellular processes such as protein translation and cell proliferation [1] . An indication of the essential role of polyamines has been demonstrated in the minimal genome of Mycoplasma genitalium. All recognizable polyamine biosynthetic genes are absent from this minimal genome [2] but global transposon mutagenesis [3] has shown that the three open reading frames (ORFs) corresponding to the potA, potB and potC genes of the polyamine transporter [4] are indispensible for cell viability, indicating that polyamines are part of the minimal metabolic repertoire required for independent life.
The enzymic function of AdoMetDC is to remove the carboxylate group of S-adenosyl--methionine to produce decarboxylated S-adenosylmethionine. An aminopropyl group from decarboxylated S-adenosylmethionine is transferred by spermidine synthase to putrescine (1,4-diaminobutane) to form spermidine. SimiAbbreviations used : AdoMetDC, S-Adenosyl-L-methionine decarboxylase (EC 4.1.1.50) ; BAC, bacterial artificial chromosome ; EST, expressed sequence tag ; ORF, open reading frame ; uORF, upstream ORF ; RT-PCR, reverse-transcriptase-mediated PCR. 1 Present address : Dipartimento di Biologia e.s., Universita! di Bologna, Via Irnerio 42, 40126 Bologna, Italy. 2 Present address : John Innes Centre, Norwich Research Park, Colney, Norwich NR4 7UH, U.K. 3 To whom correspondence should be addressed (e-mail tony.michael!bbsrc.ac.uk).
The nucleotide sequence data reported will appear in DDBJ, EMBL and GenBank Nucleotide Sequence Databases under the accession numbers Y07766, AJ251899, Y07767, AJ251915, AJ252214, AJ252213, Y07765 and AJ252212.
suggestive of a translational regulatory mechanism. No introns were found in the main AdoMetDC proenzyme ORF from any of the plant genes encoding AdoMetDC, whereas introns were found in conserved positions flanking the overlapping uORFs. The absence of the furthest 3h intron from the Arabidopsis gene encoding AdoMetDC2 suggests that this intron was lost recently. Reverse-transcriptase-mediated PCR analysis of the two Arabidopsis genes for AdoMetDC indicated that AdoMetDC1 is abundant and ubiquitous, whereas the gene for AdoMetDC2 is expressed preferentially in leaves and inflorescences. Investigation of recently released Arabidopsis genome sequences has revealed that in addition to the two genes encoding AdoMetDC isolated as part of the present work, four additional genes are present in Arabidopsis but they are probably not expressed.
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larly, spermine synthase transfers another aminopropyl group to spermidine to form spermine. Mammalian AdoMetDC activity is negatively regulated in response to increasing polyamine levels by means of a translational mechanism involving a small upstream ORF (uORF) in the 5h leader sequence of the mRNA [5] [6] [7] [8] [9] [10] [11] . The small uORF encodes the hexapeptide MAGDIS (single-letter amino acid codes) located towards the 5h end of the 330-base 5h leader sequence. Polyamine-induced translational repression of AdoMetDC is thought to be mediated by the peptide product of the MAGDIS uORF. The MAGDIS peptide might interact with polyamines to regulate the translational efficiency of the AdoMetDC message through the polyaminedependent binding of the MAGDIS peptide to a target in the translational machinery. Polyamines seem to cause ribosomes to stall after translating the MAGDIS peptide, thereby greatly decreasing the efficiency of ribosome loading on the message. Recently, small uORFs potentially encoding 17-residue peptides were found in the AdoMetDC 5h leader sequences of the nematodes Onchocerca ol ulus [12] and Caenorhabditis elegans [13] . The 5h leader sequence of plant AdoMetDCs from Catharanthus roseus [14] and carnation [15] were found to have conserved small uORFs encoding a highly conserved peptide of approx. 50-54 residues. We show here that all recognizable expressed monocot, dicot and gymnosperm AdoMetDC 5h leader sequences contain two uORFs of 2-3 and 50-54 amino acids that overlap by one nucleotide, suggesting a novel form of translational regulation.
Although the human, rat, mouse and Drosophila AMD (AdoMetDC) genes are interrupted by introns throughout the main ORF, there are no introns in the 5h leader sequence [16] [17] [18] [19] . In contrast, the potato SAMDC (AdoMetDC) gene is devoid of introns in the main ORF but has a single intron in the 5h leader sequence [20] . By isolating genomic sequences for AdoMetDC from Arabidopsis and rice we show that AdoMetDC is encoded by a small gene family and each member contains introns flanking the two overlapping uORFs ; however, there are no introns in the main proenzyme ORF.
A differential accumulation of steady-state mRNA levels for the Arabidopsis AdoMetDC1 and AdoMetDC2 in different organs of Arabidopsis plants is demonstrated, suggesting diverged roles for the two enzymes. Four other Arabidopsis AdoMetDC genes were detected in genome sequences but each of these genes seems to be defective in some respect and none appears to be expressed. Genomic clones of the Arabidopsis AdoMetDC1 and AdoMetDC2 genes were obtained by high-stringency screening of a Columbia ecotype lambda ZAPII genomic library (Stratagene, La Jolla, CA, U.S.A.) with the use of the corresponding cDNA species as probes. The cDNA probes were $#P-labelled by random priming as described previously [21] . After individual plaques had been isolated, the genomic insert in pBluescript was excised with the ExAssist (Stratagene) in i o excision protocol of the manufacturer. The genomic inserts were sequenced with the same protocol as for the cDNA species.
EXPERIMENTAL Isolation and sequencing of cDNA and genomic clones
Genomic clones of the two rice AdoMetDCs were obtained by PCR, with rice genomic DNA as the PCR template. For the PCR, 200 ng of rice leaf genomic DNA was employed as the template and the AdoMetDC1 sequence was amplified with the sense oligonucleotide A684 (5h-GTC TCG TGG TCG AGA GAA ACC GAG-3h) and the anti-sense oligonucleotide A655 (5h-CTC GAC AGC ATC GTC TTC-3h). The AdoMetDC2 sequence was amplified with the sense oligonucleotide A574 (5h-GAG AAA TCC GTA GGC TCA GAG-3h) and with the antisense oligonucleotide A382 (5h-CTC ATA ACT GGC GTA GCT GA-3h). PCRs were performed with 200 ng of genomic DNA, 0.25 µM of each primer, 0.2 mM dNTPs and 2.5 units of Pfu DNA polymerase (Stratagene), with 1iPfu buffer in a total volume of 100 µl. An initial denaturation stage of 94 mC for 4 min was followed by a 5 min step at 75 mC during which the polymerase was added, followed by 35 cycles of 1 min at 94 mC, 2 min at 55 mC and 2 min at 72 mC ; PCR was concluded with one step for 10 min at 72 mC. Products were ligated into the EcoRV site of pBluescript and transformed into Escherischia coli XL-1 Blue competent cells (Stratagene). Genomic inserts were sequenced from plasmids as described above for the cDNA inserts.
RNA isolation and reverse-transcriptase-mediated PCR (RT-PCR)
Total RNA was isolated from different organs of Arabidopsis plants grown at 22 mC with 16 h daylight in a greenhouse. After the plant material had been frozen in liquid nitrogen, the material was ground to a fine powder and total RNA was extracted as described previously [22] . First-strand cDNA was synthesized as described [21] in a total volume of 50 µl. Three reactions were performed, containing 1.1 µg and 3.3 µg of total RNA for each sample of leaf, stem, inflorescence and fruit (silique) RNA. In addition, a control reaction was performed with 3.3 µg of RNA and without reverse transcriptase. The reaction products were diluted with sterile distilled water to 1.0 ml.
The RT-PCR used the following primers : AdoMetDC1, sense primer A480 (5h-ATC TCT ATC TGG TTT GAG G-3h) and anti-sense primer A481 (5h-ATT ATG AAG ATC GGT GCA CG-3h) ; AdoMetDC2, sense primer A482 (5h-TTA GGG TTT CGA GTT TTC TCA-3h) and anti-sense primer A483 (5h-AAA GCT ATG GAG GGA ACT G-3h). The primers for AdoMetDC1 were designed to cross intron positions and therefore would not amplify genomic DNA, whereas the primers for AdoMetDC2 were designed to avoid intron positions and be capable of amplifying genomic DNA. Primers for AdoMetDC2 can therefore indicate the presence of contaminating genomic DNA in the first-strand cDNA samples. The RT-PCR used 5 µl of the firststrand cDNA, 200 µM dNTPs, 0.2 µM of each primer, Pfu polymerase buffer supplied by the manufacturer (Stratagene) and 2.5 units of Pfu DNA polymerase in a total volume of 100 µl; Pfu DNA polymerase was added at 75 mC. The PCR reaction was started with a denaturation step of 94 mC for 4 min, a 5 min step at 75 mC when the polymerase was added, and 32 cycles of 94 mC for 1 min, 55 mC for 2 min and 72 mC for 2 min followed by a single step of 72 mC for 10 min. To determine the relative abundances of the two AdoMetDC messages, 10 µl of the PCR products was size-fractionated on a 1.0 % (w\v) agarose gel.
RESULTS

Characterization of rice, maize and Arabidopsis AdoMetDC cDNA species
Similarity searching of DNA databases identified two Arabidopsis ESTs, two rice ESTs and one maize EST potentially encoding AdoMetDC. Clones were obtained from the relevant sequencing programmes and each cDNA was fully sequenced. The two rice cDNA species encoded AdoMetDC proenzymes of 398 residues (AdoMetDC1) and 395 residues (AdoMetDC2) and the two Arabidopsis cDNA species encoded proenzymes of 366 residues (AdoMetDC1) and 362 residues (AdoMetDC2) ; a proenzyme of Plant S-adenosyl-L-methionine decarboxylases [23] . Location of the proenzyme-processing site is indicated by the filled triangle. The position at which the human and potato proteins can be truncated without affecting processing is indicated by an open triangle [23] . A disordered loop that connects the two structurally similar halves of the human enzyme is indicated by open squares [25] . Shading represents the conservation of identical amino acids.
Figure 2 Alignment of the deduced amino acid sequences of the small uORF in the plant AdoMetDC mRNA 5h leader sequences
Alignment of the small uORF amino acid sequences deduced from mRNA and EST sequences (accession numbers in parentheses) : Carnation1u, Dianthus caryophyllus AdoMetDC1 (U38526) ; Carnation2u, Dianthus caryophyllus AdoMetDC2 (U38527) ; Iceplantu, Mesembryanthemum crystallinum (EST-AI822872) ; Arab1u, Arabidopsis thaliana AdoMetDC1 (U63633) ; Arab2u, Arabidopsis thaliana AdoMetDC2 (AJ251899) ; Bjun1u, Brassica juncea AdoMetDC1 (U80916) ; Bjun2u, Brassica juncea AdoMetDC2 (X95729) ; Rice1u, Oryza sativa AdoMetDC1 (Y07766) ; Rice2u, Oryza sativa AdoMetDC2 (AJ251899) ; Maizeu, Zea mays (Y07767) ; Hordeumu, Hordeum chilenseiTritordeum turgidum conv. Durum (X83881) ; Potatou, Solanum sogarandinum (AA076673) ; Daturau, Datura stramonium (Y07768) ; Croseusu, Catharanthus roseus (U12573) ; Cottonu, Gossypium hirsutum (EST-AI728571) ; Ipomoeau, Ipomoea nil (U64927) ; Tomatou, Lycopersicon esculentum (EST-AI483261) ; Soybeanu, Glycine max (EST-AI442381) ; Alfalfau, Medicago trunculata (EST-AA661003) ; Peau, Pisum sativum (U60592) ; Watermelonu, Citrullus lanatus (EST-AI563097) ; Tobaccou, Nicotiana tabacum (AF033100) ; Pinusu, Pinus taeda (EST-AI725223). Shading represents conservation of identical amino acids. 400 residues was encoded by the maize cDNA. Each monocot proenzyme possessed an extended C-terminus relative to the Arabidopsis AdoMetDCs (Figure 1 ). The monocot proenzymes were approximately 20 residues longer than the dicot enzymes and the maize protein was 51 residues longer than that from human. Both the monocot and dicot C-termini were particularly rich in acidic amino acids. An aspartic residue in the human AdoMetDC (Asp-174), identified by Xiong et al. [23] as being necessary for stimulation of the processing of the human proenzyme by putrescine, is absent from all of the plant sequences, whereas the three glutamic residues (Glu-11, Glu-178 and Glu-256 [24] ) necessary for stimulation of processing of the human preprotein by putrescine are conserved. The crystal structure of the human enzyme indicates that there are two similar domains linked by a disordered loop structure [25] . A region of the plant proenzymes corresponding to the disordered loop is notable for the lack of conservation between monocot and dicot sequences and between plant and human sequences.
Conservation of tiny and small overlapping uORFs
Each of the plant AdoMetDC cDNA species contains a long 5h leader sequence : Arabidopsis AdoMetDC1, 505 bp ; Arabidopsis AdoMetDC2, 481 bp ; rice AdoMetDC1, 539 bp ; rice AdoMetDC2, 536 bp ; maize AdoMetDC, 366 bp. It was noted previously [14] that plant AdoMetDC 5h leader sequences contained a conserved small uORF encoding approx. 50 amino acid residues [14] . We have detected the small uORF in 23 plant AdoMetDC mRNA species and ESTs that include four monocot sequences and one gymnosperm sequence (Figure 2 ). The amino acid sequence of the encoded peptide is highly conserved, with only one region of variation towards the N-terminus where the variation is due primarily to varying numbers of successive serine residues. Although there is no similarity between the plant and mammalian AdoMetDC small uORFs, the last four amino acids of the plant small uORFs (Lys\Arg,Lys\Arg,Pro,Ser) resemble the C-terminal sequence of the two nematode AdoMetDC 5h leader sequence uORFs of 17 residues each (Arg,Arg,Pro,Pro) [12, 13] . The plant small uORF is positioned towards the middle of the long 5h leader sequence.
We noticed that in all the plant AdoMetDC 5h leader sequences there is a tiny uORF upstream of and overlapping the small uORF ( Figure 3) . The tiny uORF encodes only two amino acid residues, the second of which is not conserved ; the two Arabidopsis and two Brassica juncea tiny uORFs encode three residues and are evolutionarily close species. In all cases, the last A nucleotide of the tiny uORF stop codon is the first nucleotide of the initiating ATG of the small uORF, suggesting that if the ATG of the tiny uORF is identified by the translational machinery, it is unlikely that the ATG of the small uORF will
Figure 4 Schematic representation of the genomic structure of the plant AdoMetDC 5h leader
The relative positions of the introns and overlapping tiny and small uORFs are depicted. Only the beginning of the main AdoMetDC proenzyme ORF is shown. In the Arabidopsis AdoMetDC2 gene, intron 3 is absent. The presence of intron 1 was determined only for the two genes from Arabidopsis and the gene from Ipomoea nil (accession number U64927).
Table 1 Sizes and positions of introns in plant AdoMetDC gene 5h leader sequences
The accession numbers for the other genomic sequences are : tobacco, AF033100 ; S. tuberosum, S74514 ; Ipomoea nil, U64927 ; carnation1, U94786. The inter-ORF figure is the distance from the end of the small uORF to the beginning of the main proenzyme ORF. be recognized. For the tiny uORF the translational initiation sequence context of the ATG is always very poor (Figure 3 ), whereas that of the small uORF is invariably in a better context [26] . The j4 position relative to the A of the ATG is never the optimal G for the tiny uORF, whereas the same nucleotide position is always a G for the small uORF. A tiny uORF is conserved in the sequence of the Pinus taeda EST sequence, indicating that the overlapping arrangement of uORFs in the 5h leader sequence of the plant AdoMetDC predated the origin of the gymnosperm and angiosperm divergence. Outside the overlapping uORFs in the 5h leader sequence there is relatively little conservation of sequence between AdoMetDC family members in the same species or between species.
Genomic structure of the Arabidopsis and rice AdoMetDC genes
The corresponding genomic clones for the Arabidopsis AdoMetDC1 and AdoMetDC2 cDNA species were isolated from a lambda ZAP genomic library. PCR with rice genomic DNA was used to isolate the genomic region corresponding to the cDNA species of the two rice AdoMetDC genes. None of the genes contained any introns in the 3h UTR or in the main proenzyme ORF ; however, a small intron was found in a highly conserved position (Figure 4 ) in the C-terminus of the small uORF (except for Arabidopsis AdoMetDC2). A longer intron was present just upstream of the tiny uORF, being larger in the two rice genes than in the two Arabidopsis genes or other dicot AdoMetDC genomic sequences found in the database (Table 1) . Plant S-adenosyl-L-methionine decarboxylases
Figure 5 Differential accumulation of the Arabidopsis AdoMetDC1 and AdoMetDC2 transcripts detected by RT-PCR
First-strand cDNA was prepared with greenhouse-grown Arabidopsis total RNA from rosette leaves (Lv), siliques (Si), inflorescences (In) and stems (St) by using either 3 or 1 µg of template RNA as shown (lanes labelled 3 and 1 respectively) ; in addition, a control reaction containing 3 µg of template RNA but without added reverse transcriptase was included (lanes 0). Lanes m, lanes containing molecular mass markers. Primers specific for AdoMetDC1 or AdoMetDC2 were used to amplify gene-specific products. The AdoMetDC2 primers were designed to avoid intron junctions to show the mRNA-specific product and the contaminating genomic DNA-derived products (the mRNA product is 345 bp and the genomic DNA product is 714 bp). The product from the AdoMetDC1 (309 bp) is mRNA-specific because primers cross intron junctions.
The two Arabidopsis genes and the previously reported Ipomoea nil gene contained a third, small intron at the 5h end of the leader sequence, upstream of the other two introns. So far, the Arabidopsis AdoMetDC2 gene seems to be unique in lacking the small uORF C-terminal intron. Conservation of the small uORF flanking introns in monocot and dicot AdoMetDC genes suggests that the Arabidopsis AdoMetDC2 gene has lost the small uORF C-terminal intron. The Arabidopsis AdoMetDC1 has recently been sequenced as part of the Arabidopsis genome project and is located on chromosome 3 [bacterial artificial chromosome (BAC) clone F16B3] and the AdoMetDC2 gene is located on a BAC clone from chromosome 5 (BAC clone F1N13).
RT-PCR analysis of the Arabidopsis AdoMetDC genes
RT-PCR was used to distinguish between the expression of the Arabidopsis AdoMetDC1 and AdoMetDC2 genes in rosette leaves, stems, inflorescences and fruit (siliques). The primers used to amplify AdoMetDC1 were designed to cross intron-exon junctions and would therefore amplify only the cDNA. Primers for AdoMetDC2 were designed to avoid introns and could therefore amplify both genomic and cDNA sequences. The AdoMetDC2 genomic PCR product provided a control for further distinguishing genomic and mRNA products. No RT-PCR product corresponding to AdoMetDC1 or AdoMetDC2 was detected when the reverse transcriptase was omitted but a genomic PCR product of the expected size (714 bp) was detected for AdoMetDC2 ( Figure 5 ). The RT-PCR indicated that the AdoMetDC1 message was abundant and ubiquitous, whereas AdoMetDC2 transcript was found at a much lower level with higher accumulation in leaves and inflorescences than in siliques and stems. The relative transcript levels of the two genes in Arabidopsis organs reflects the relative abundance of each message in the Arabidopsis EST database (results not shown). The nucleotide coordinates for the proenzyme ORF are given except for AdoMetDC6, which was too degraded for assignment of the whole ORF ; the conserved region is therefore given instead. Genomic sequences are derived from unannotated BAC clones. Other AdoMetDC genes present in the genome of Arabidopsis
The Arabidopsis genome sequence is now almost complete and recently we have detected new members of the Arabidopsis AdoMetDC family. Four other AdoMetDC genes are present in Arabidopsis on unannotated BAC clones, although we could not find any corresponding ESTs. This would indicate that these genes are not expressed or are expressed at a low level in a small subset of cells. Table 2 lists the genes and their corresponding BAC clones, nucleotide positions and chromosome assignments. AdoMetDC3, AdoMetDC5 and AdoMetDC6 are found on chromosome 3, whereas AdoMetDC4 is found on chromosome 5.
The gene encoding AdoMetDC3 (proenzyme N-terminus MAVSATGFEGFEKE) contains tiny and small uORFs but the tiny uORF encodes five amino acid residues and the stop codon does not overlap with the start codon of the small uORF. An intron is found in the conserved position of the small uORF C-terminus ; however, the peptide sequence of the small uORF is rather diverged. The gene for AdoMetDC4 (proenzyme Nterminus MAVSGFEGFEKE) is on chromosome 5 and it does not possess a small uORF. Both AdoMetDC3 and AdoMetDC4 encode intact proenzyme ORFs of 349 and 348 residues respectively. The genes for AdoMetDC5 (N-terminus MDSQVQ-FFEGVEKR) and AdoMetDC6 (N-terminus not detectable) are located on chromosome 3 ; neither possesses a small uORF. There are three in-frame stop codons in the proenzyme sequence of AdoMetDC5, whereas AdoMetDC6 is highly diverged with a 32-residue deletion eliminating conserved motifs ; it is unlikely that AdoMetDC5 or AdoMetDC6 proenzymes are enzymically active. None of the six Arabidopsis AdoMetDC genes are found on the same BAC clone, indicating that they are not recent adjacent duplications.
DISCUSSION
The outstanding feature of plant AdoMetDC genes is the presence in the message 5h leader sequence of overlapping tiny and small uORFs. Amino acid sequences of the small uORFs are highly conserved between monocot and dicot genes and even between angiosperms and the gymnosperm Pinus taeda. Mammalian AdoMetDC is translationally regulated in a cell-specific manner [5, 6, 9] and in response to intracellular polyamine levels [7, 8, 10, 11] . Translational regulation of the mammalian AdoMetDC is mediated through a small uORF encoding the peptide MAGDIS [6, 9] . The 5h end of the mRNA, including the MAGDIS uORF, is also responsible for translational regulation of AdoMetDC in response to polyamine levels [8, 27] . It was subsequently concluded that the MAGDIS uORF was responsible solely for translational regulation in response to polyamine levels [10] . The amino acid sequence of the uORF and not the DNA sequence is the essential factor involved in the translational repression of mammalian AdoMetDC activity. There is a strict amino acid sequence specificity in critical positions of the peptide for inhibitory activity of the uORF [11] .
If, by analogy with the mammalian AdoMetDC 5h leader sequence, the plant small uORF is responsible for translational repression in response to polyamines, the mechanism of response to polyamines and translational repression must be different from that of the mammalian gene. The plant 5h leader sequence contains the tiny uORF overlapping with the small uORF and it is unlikely that the ATG of the small uORF will be recognized if the tiny uORF is translated. Backwards scanning is unusual and inefficient ; if the tiny uORF is translated, it is more likely that the ribosome will reinitiate at the downstream proenzyme ATG, which is sufficiently far downstream to permit efficient reinitiation [28] . We can speculate that the small uORF might be responsible for translational repression of the plant AdoMeDC and it is worth noting that the C-terminal residues of the small uORFs of the two nematode AdoMetDCs are Arg,Arg,Pro,Pro and those of the plant small uORFs are Lys\Arg,Lys\Arg,Pro,Ser. Use of the PROFILESEARCH program of the Wisconsin GCG package [29] and searching the protein database with a consensus profile of 23 small uORF sequences resulted in an identification of low similarity with numerous bacterial, chloroplastic and nuclear diverse ribosomal proteins from both subunits ; chloroplastic and bacterial L1 proteins had the highest similarity scores (A. J. Michael, unpublished work). Also prominent were several diverse ribonucleases. This low-level similarity suggests a possible RNA-binding function for the small uORF product. Although the low similarity with very diverse ribosomal proteins makes it difficult to draw any conclusions about the significance of the similarity, it is salient to note that ribosomal protein genes were previously postulated to be the origin of bacterial leader sequences specifying regulatory peptides [30] .
The genomic structure of the plant AdoMetDC genes is unusual ; there are no introns in the proenzyme ORF, whereas the overlapping uORFs are flanked by introns. The furthest 3h intron is in the C-terminus of the small uORF, in-frame, preceding the final six residues and its position is exactly conserved between monocot and dicot genes. This suggests that the intron was in position before the divergence of the monocot and dicot plants. Absence of the 3h intron from the Arabidopsis AdoMetDC2 gene is therefore likely to be due to loss of a preexisting intron. The flanking arrangement of the introns around the overlapping uORFs is reminiscent of the exon capture structure postulated [31] to explain the origin of plant homeodomain-leucine-zipper transcription factors. The exon containing the plant AdoMetDC uORFs might have been captured from another transcript, thereby providing a regulatory module. All of the expressed plant genes sequenced so far contain an intron immediately 5h to the tiny uORF ; close inspection of the potato AdoMetDC gene sequence [20] suggests that the region annotated as the promoter is in fact the 5h intron whose position is four nucleotides upstream of the tiny uORF ATG.
There is a considerable difference in the abundance of the Arabidopsis AdoMetDC1 and AdoMetDC2 mRNA species as well as in their organ distribution. AdoMetDC1 is ubiquitous and abundant compared with AdoMetDC2. The carnation CSDC16 (AdoMetDC2) transcript was more abundant and ubiquitous than the CSDC9 (AdoMetDC1) transcript [15] . One possible explanation, which probably applies to most gene families, is that one gene might respond more to environmental signals and in this respect it is interesting to note that the AdoMetDC gene of Tritordeum [32] and Pharbitis nil [33] is regulated by circadian rhythms and also, for Pharbitis nil, by light [33] .
The discovery of four additional Arabidopsis AdoMetDC genes in the genome sequence has interesting implications for the evolution of pathways and genes. Each of the AdoMetDC3, AdoMetDC4, AdoMetDC5 and AdoMetDC6 genes is defective in some way. Certainly it is unlikely that AdoMetDC5 and AdoMetDC6 could be enzymically active and it is also unlikely that AdoMetDC3 and AdoMetDC4 could be regulated in the same way as AdoMetDC1 and AdoMetDC2 because the overlapping uORF arrangement in AdoMetDC3 is degraded and in AdoMetDC4 it is absent. Because there are no corresponding EST sequences for any of the four genes, it is reasonable to assume that they are probably not expressed, although this remains to be proven.
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